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1 $Rmt\backslash$ &n $(x, y)$
$(0,0)\text{ }(-d, 0)$ $\alpha$ $\epsilon$
$\alpha\equiv\frac{R_{i}n}{Rout},$ $\epsilon\equiv\frac{d}{Rmt-Rin}$ . (1)
\Omega -,(t) $\Omega_{in}(t)$
$t$ Tout Tin 1
2\mbox{\boldmath $\pi$} $Tout=1$ 1
1
2 $\psi$ $(x, y)$ $(u_{x}, u_{y})$
$u_{x}= \frac{\partial\psi}{\partial y},$ $u_{y}=- \frac{\partial\psi}{\partial x}$ , (2)
$\nu\nabla^{4}\psi=\frac{\partial\psi}{\partial y}\nabla^{2}\frac{\dot{\partial}\psi}{\partial x}-\frac{\partial\psi}{\partial x}\nabla^{2}\frac{\partial\psi}{\partial y}-\nabla^{2}\frac{\partial\psi}{\partial t}$ , (3)
$\nu$ ‘ 2
$\frac{\partial\psi}{\partial y}=-y\Omega_{ou}\ell(t)$ , $\frac{\partial\psi}{\partial x}=-x\Omega_{out}(t)$ , ( ) (4)
$\frac{\partial\psi}{\partial y}=-y\Omega_{in}(t)$ , $\partial\psi\partial x$ ( ) (5)$-=-(X+d)\Omega_{in}(t)$ ,




(4) (5) (7) $[1]_{\backslash }$
$(\xi, \eta)$




$R_{m\ell}=-_{\mathrm{s}}\overline{\mathrm{i}\mathrm{n}\mathrm{h}}\vee\xi out’ R_{n}=-_{\overline{\sinh\xi in}}\cdot$ , (10)




































$\epsilon$ , Tout $\backslash$ Tin 1 \eta
$\triangle\eta=\eta_{n+}1^{-^{\eta_{n}}}$ 13-16 6 20
$\triangle\eta$ x^ $=0.0$ $\hat{x}=1.0$
’ $\alpha=0.3_{\text{ }}\epsilon=0.7$ Tout Tin
$\triangle\eta$ ( )
Tout Tin $\triangle\eta=0$














2$[][ \text{ }]=\frac{\acute{R}_{ut}-h_{n}+d}{R_{\mathit{0}}ut-k_{n}-d}=\frac{1+\epsilon}{1-\epsilon’}$ (13)
\epsilon \alpha
.
1&20 \alpha $=0.3,$ $T_{ou}t=1.0,$ $T_{in}=1.0$ $\epsilon$








24-26 $\epsilon=0.7,$ $T_{O}ul=1.0,$ $T_{in}=1.0$ $\alpha=0.2,0.4,0.6$
\alpha
27-29 $f$






$0.3,$ $\epsilon=0.45$ 0.1–1.0 $T_{ut}$
3&45 $\eta=0$ ( )
$\xi$ 1/5 20 600
$T_{out}$
$T_{out}\cross I=J+\triangle$ , (14)
$I,$ $J$
$\triangle$
$I$ \eta $2\pi T_{out}\cross I$



















1 2, 3, $\cdot$ . .
$p_{ij}$
$\sum_{j=1}^{N}pij=1$ $(i=1,2, \cdots, N),\sum_{i=1}^{N}pij=1$ $(j=1,2, \cdots, N),$ $p_{ij}\geq 0$ , (16)
$P$ A $\mathrm{B}$
A \mbox{\boldmath $\gamma$}A A
$q^{(n)}=$ $(q_{1},$$q_{2}(n)(n)$ , $\cdot$ . . , $q_{N}^{(n)}$ ) $q_{j}^{(n)}$ $n$ $i$
A $N\gamma_{A}$ $arrow\vee$










$..$ . $\cdot\lambda_{N}..\cdot.\cdot 1^{B^{-1}}$
, (19)
36
$P^{n}=\lambda_{1}^{n_{H_{1}}}+\lambda nH2+\cdots+2\lambda_{N}^{n}HN$ , (20)
$H_{l}=[\alpha_{i\iota\sqrt]}lj$ $(l=1,2, \cdots, N),$ $B=[\alpha_{ij}],$ $B^{-1}=[\sqrt ij]$ , (21)
P \mbox{\boldmath $\lambda$}l, $\cdot$ . . , $\lambda_{N}$






$\pi=\lim_{narrow\infty}q)(0Pn(0)q=H1=(\frac{1}{N}, \cdots, \frac{1}{N})$ (24)
–






– 19 \epsilon $=0.5$
$|\lambda_{i}|$ \epsilon Ottino [5]
























$|\lambda_{2}|$ , |\mbox{\boldmath $\lambda$}3|, $\cdot$ ..
- $|\lambda_{2}|,$ $|\lambda_{3}|,$ $\cdots$
.
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(7) (4) (5) $\psi$ [1] :
$\psi(\xi, \eta,t)=H(\xi, \eta)\{\varphi_{1}(\xi, \eta)\Omega\circ ut(t)+\varphi 2(\xi, \eta)\Omega_{in}(t)\}$,
$\varphi_{j}=I_{j}(\xi)+J_{j(}\xi)\cos\eta$ , $[j=1, \underline{9}]$ ,
$I_{j}(\xi)=(A_{0j}+C_{0j}\xi)\cosh\xi+(B_{0j}+D_{0j}\xi)\sinh\xi$ ,
$J_{j}(\xi)=A_{1j}\cosh 2\xi+B_{1j}\sinh 2\xi+C_{1j}\xi+D_{1j}$ ,
$H= \frac{b}{\cosh\xi-\cos\eta}$
$A_{01}= \frac{1}{\triangle}(\frac{\overline{\Delta}}{\triangle}.h_{1}h_{7}+h_{3})R_{out}$ ,
$A_{02}= \frac{1}{\frac{\triangle 1}{\triangle}}B_{02}=(.‘ h2h8+h_{6})(\frac{\triangle-}{\frac{\triangle\triangle-}{\triangle}}h_{2}h_{7}+h_{4})Rn)\hslash n$
’
$B_{01}= \frac{1}{\triangle}(\frac{\triangle-}{\triangle}.h\iota h_{8}+h_{5})R_{o}u\ell$,
$C_{01}= \frac{1}{\triangle}.h_{1}R_{out}\cosh\xi_{-}$ , $C_{02}= \frac{1}{\triangle}.f\iota_{2}R_{n}\cosh\xi-$ ,
$D_{01}=- \frac{1}{\Delta}.R_{O}ut\sinh\xi_{2}\sinh^{2}\xi-$ , $D_{02}=- \frac{1}{\triangle}.R_{in}\sinh\xi 1\sinh^{2}\xi-$ ,
$A_{11}=- \frac{1}{2\triangle}.h_{1}R_{ou}\ell\sinh\xi_{+}$ , $A_{12}=- \frac{1}{2\triangle}-$. $f\iota_{2}R_{n}\sinh\xi_{+}$ ,
$B_{11}= \frac{1}{2\triangle}.h_{1}R_{mt}\cosh\xi_{+}$ , $B_{12}= \frac{1}{2\Delta}.fl_{2}^{}R_{i},l\cosh\xi+$ ,
$C_{11}=- \frac{1}{\triangle}.h_{1}R_{o}ut\cosh\xi_{-}$ , $C_{12}=- \frac{1}{\triangle}.h_{2}R_{in}\cosh\xi_{-}$ ,
$D_{11}= \frac{1}{2\triangle^{\mathrm{s}}}h_{1}(\sinh\xi-+\underline{9}\xi_{in}\cosh\xi-)Ru\mathrm{J}$ , $D_{12}= \frac{1}{2\triangle}.h_{2}(\sinh\xi_{-}+\underline{9}\xi_{i,\iota}\cosh\xi_{-})Ri_{l)}$,
39
$\triangle=\xi_{-}^{2}$ -siih2 $\xi_{-}$ ,
$\overline{\Delta}=\xi_{-\mathrm{c}\mathrm{o}}\mathrm{s}\mathrm{h}\xi--\sinh\xi_{-}$ ,





$h_{1}=\xi_{-\mathrm{s}}\mathrm{i}\mathrm{n}\mathrm{h}\xi ou\mathrm{r}-\sinh\xi in\sinh\xi_{-}$ ,
$h_{2}=-\xi_{-}\sinh\xi in+\sinh\xi o\mathrm{u}\ell\sinh\xi_{-}$ ,
$h_{\mathrm{s}}=\xi_{ou}t$ sinh $\xi in\sinh\xi_{--}\xi_{i}n\xi_{-\mathrm{s}}\mathrm{i}\mathrm{n}\mathrm{h}\xi out$ ,
$h_{4}=-\xi_{in}\mathrm{S}\mathrm{i}\bm{\mathrm{h}}\xi_{\mathit{0}}ut\sinh\xi-+\xi out\xi-\sinh\xi_{i}n$
’
$h_{5}=-\xi out\mathrm{s}\mathrm{i}\bm{\mathrm{h}}\xi in\sinh\xi_{-}+\xi in\xi-\cosh\xi oul$ ,
$h_{6}=\xi_{in}\sinh\xi_{\mathit{0}}ut\sinh\xi_{--}\xi ou\ell\xi-\cosh\xi in$
’
$h_{\tau}= \sinh\xi in\cosh\xi \mathrm{o}ut\sinh\xi_{-}+\frac{1}{2}\xi_{\mathit{0}}ut\mathrm{s}\dot{\mathrm{i}}\mathrm{h}2\xi.\cdot n-\frac{1}{2}\xi in\sinh 2\xi_{\mathit{0}}ut-\xi_{in}\xi-$,
$h_{8}=-\cosh\xi ou\cosh\xi in\sinh\xi_{-+\xi_{i}0}n\mathrm{c}\mathrm{s}\mathrm{h}2\xi_{\mathit{0}}ut-\xi_{out}\cosh^{2}\xi_{in}$ .
Fig.1Eccentric cylinders
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Fig.2 Poincar\’e plot Fig.3 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.2$ $\alpha=0.3$ , $\epsilon=0.4$
$T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$
Fig.4Poincar\’e plot Fig.5 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.6$ $\alpha=0.3$ , $\epsilon=0.8$
$T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$
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Fig.6 Initial positions of Poincare’ plot
$\alpha=0.3$ ,
$\epsilon=0.7$
Fig.7 Mixing simulation Fig.8 Mixing simulation
$\alpha=0.3$ , $\epsilon=0.2$ $\alpha=0.3$ , $\epsilon=0.4$
$T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$
42
Fig.9 Mixing simulation Fig.10 Mixing simulation
$\alpha=0.3$ , $\epsilon=0.6$ $\alpha=0.3$ , $\epsilon=0.8$
$T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$
Fig.11 Initial positions of Fig.12 Poincar\’e plotmixing simulation
$\alpha=0.3$ , $\alpha=0.3$ , $\epsilon=0.7$
$\epsilon=0.7$ $T_{out}=1.0$ , $\mathit{2}_{in}^{\urcorner}=1.0$
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$\mathrm{E}^{\cdot}\mathrm{l}\mathrm{g}.\perp \mathrm{d}^{\iota}1\prime \mathrm{h}\mathrm{e}$ movement
in the $\eta$ direction
Fig.14 The movement




Fig. 17 The movement
in the $\eta$ direction
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Fig.18 Poincar\’e plot Fig.19 Poincar\’e plot Fig.20 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.2$ $\alpha=0.3$ , $\epsilon=0.5$ $\alpha=0.3$ , $\epsilon=0.9$
$T_{\sigma ut}=1.0$ , $T_{in}=1.0$ $T_{\sigma ut}=1.0$ , $T_{in}=1.0$ $T_{\sigma ut}=1.0$ , $T_{in}=1.0$
Fig.21 Mixing simulation Fig.22 Mixing simulation Fig.23 Mixing simulation
$\alpha=0.3$ , $\epsilon=0.2$ $\alpha=0.3$ ,
$\epsilon=0.5$ $\alpha=0.3$ , $\epsilon=0.9$
$T_{mt}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ ,
$\prime \mathit{1}_{in}^{\gamma}=1.0$
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Fig.24 Poincar\’e plot Fig.25 Poincar\’e plot Fig.26 Poincar\’e plot
$\alpha=0.2$ , $\epsilon=0.7$ $\alpha=0.4$ , $\epsilon=0.7$ $\alpha=0.6$ , $\epsilon=0.7$
$T_{\sigma ut}=1.0$ , $T_{in}=1.0$ $T_{\sigma ut}=1.0$ , $T_{in}=1.0$ $T_{\sigma ut}=1.0$ , $T_{in}=1.0$
Fig.27 Mixing simulation Fig.28 Mixing simulation Fig.29 Mixing simulation
$\alpha=0.2$ , $\epsilon=0.7$ $\alpha=0.4$ , $\epsilon=0.7$ $\alpha=0.6$ , $\epsilon=0.7$
$T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$
47
Fig.30 Poincar\’e plot Fig.31 Poincare plot Fig.32 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.7$ $\alpha=0.3$ , $\epsilon=0.7$ $\alpha=0.3$ , $\epsilon=0.7$
$T_{\sigma ut}=1.\mathrm{O}$, $T_{in}=5.0$ $T_{\sigma ut}=1.0$ , $T_{in}=1.0$ $T_{\sigma ut}=5.0$ , $T_{in}=1.0$
Fig.33 Mixing simulation Fig.34 Mixing simulation Fig.35 Mixing simulation
$\alpha=0.3$ , $\epsilon=0.7$ $\alpha=0.3$ , $\epsilon=0.7$ $\alpha=0.3$ , $\epsilon=0.7$
$T_{out}=1.0$ , $T_{in}=5.0$ $T_{out}=1.0$ , $T_{in}=1.0$ $\tau_{out}=\mathrm{s}.\mathrm{o}$ , $T_{in}=1.0$
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Fig.36 Poincar\’e plot Fig.37 Poincare plot Fig.38 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.45$ $\alpha=0.3$ , $\epsilon=0.45$ $\alpha=0.3$ , $\epsilon=0.45$
$T_{\sigma u\mathrm{f}}=1.0$ , $T_{in}=1.0$ $T_{\sigma ut}=0.9$ , $T_{in}=1.0$ $T_{\sigma ut}=0.8$ , $T_{in}=1.0$
Fig.39 Poincar\’e plot Fig.40 Poincar\’e plot Fig 41 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.45$ $\alpha=0.3$ , $c-=0.45$ $\alpha=0.3$ , $\epsilon=0.45$




$T_{\sigma ut}=0.4$ , $T_{in}=1.0$
Fig.43 Poincar\’e plot Fig.44 Poincar\’e plot
$\alpha=0.3$ , $\epsilon=0.45$ $\alpha=0.3$ ,
$\epsilon=0.45$





Fig.46 An example of the division
of the reglon into cells
$(N-=960)$
Fig.47 Absolute eigenvalues of $P$ Fig.48 Absolute eigenvalues of $P$
$\alpha=0.3$ , $\alpha=1/3$ , $\epsilon=0.45$




Fig.50 Cells with large $L_{i}$
$\alpha=0.3$ , $\epsilon=0.7$ $\alpha=0.3$ , $\epsilon=0.3$
$T_{out}=1.0$ , $T_{in}^{\cdot}=1.0$ $T_{out}=1.0$ , $T_{in}=1.0$
Fig.51 Cells with large $L_{i}$ Fig.52 Cells with large $L_{i}$
$\alpha=0.3$ , $\epsilon=0.5$ $\alpha=0.3$ , $\epsilon=0.7$
$T_{out}=1.0$ , $T_{in}=1.0$ $\tau_{out}=1.0$ , $T_{in}=1.0$
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